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Abstract 

Background: In patients infected with human immunodeficiency virus 1 (HIV-1) neuropathic symptoms may 
develop within weeks of starting combination antiretroviral therapy (cART). This timing coincides with the 
occurrence of immune reconstitution inflammatory syndrome. Our objective was to investigate the longitudinal 
association of plasma cytokine and soluble receptor concentrations with incident neuropathic symptoms within 12 
weeks of starting programme-based cART in a nested case-control study. 

Methods: One hundred and twenty adults without neuropathic symptoms and about to initiate cART were 
followed longitudinally for 24 weeks after cART initiation. Subjects were examined for peripheral neuropathy at 
baseline (pre-cART) and 2-, 4-, 12- and 24 weeks thereafter. Individuals developing neuropathic symptoms within 12 
weeks of starting cART were matched in a nested case-control design with those remaining symptom-free for at 
least 24 weeks. Plasma was collected at each visit. Cytokines and soluble receptors were quantified using multiplex 
immunometric assays. 

Results: Incident neuropathic symptoms occurred in 32 (27%) individuals within 12 weeks of starting cARTfor the 
first time. Cytokine concentrations increased at 2 weeks, irrespective of symptom-status, returning to baseline 
concentrations at 12 weeks. Compared to the control group, the symptomatic group had higher baseline levels of 
interleukin-1 receptor (IL-1 R)-antagonist. The symptomatic group also showed greater increases in soluble 
interleukin-2 receptor-alpha and tumour necrosis factor (TNF) receptor-ll levels at week 2 and soluble interleukin-6 
receptor levels at week 12. Ratios of pro-inflammatory- vs anti-inflammatory cytokines were higher for 
TNF-alpha/IL-4 (p = 0.022) and interferon-gamma/IL-10 (p = 0.044) in those developing symptoms. After 24 weeks 
of cART, the symptomatic group showed higher CD4+ counts (p = 0.002). 

Conclusions: The initiation of cART in previously treatment naive individuals was associated with a cytokine 'burst' 
between 2- and 4 weeks compared with pre-cART levels. Individuals developing neuropathic symptoms within 12 
weeks of starting cART showed evidence of altered cytokine concentrations even prior to initiating cART, most 
notably higher circulating IL-1 R-antagonist levels, and altered ratios of "pain-associated" cytokine and soluble 
receptors shortly after cART initiation. 
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Background 

Distal sensory polyneuropathy (DSP) is the most prevalent 
neuropathy in individuals infected with human immuno- 
deficiency virus 1 (HIV-1) and occurs in up to 57% [1,2]. 
HIV- 1 -associated DSP includes two clinically identical 
neuropathies arising either as a consequence of HIV-1 in- 
fection (HIV-DSP) or a treatment-induced toxicity from 
combination antiretroviral therapy (cART) predominantly 
as a result from exposure to the di-deoxynucleoside re- 
verse transcriptase inhibitors (dNRTI's). HIV-1 associated 
DSP is characterized by a high frequency of positive sen- 
sory neuropathic symptoms such as pain and paresthesiae 
[1]. The development of incident neuropathic symptoms 
peaks within 12 weeks of starting cART [3]. 

The pathogenesis of HIV-l-associated DSP remains ob- 
scure, although likely many factors are at play [4]. For 
HIV-DSP, the most widely accepted pathogenic mechan- 
ism involves neuronal damage secondary to immune acti- 
vation with release of cytokines and oxygen-radicals [5]. 
Mitochondrial dysfunction is associated with exposure to 
nucleoside reverse-transcriptase inhibitor (NRTI) therapy 
[6] and believed to contribute to the pathogenesis of 
sensory neuropathy after cART initiation [7]. Despite 
well-documented in vitro studies on mitochondrial DNA 
polymerase-y inhibition by NRTIs, studies have not 
consistently demonstrated a correlation between mito- 
chondrial dysfunction and the presence of NRTI-related 
adverse effects [8]. Not all individuals treated with NRTIs 
develop adverse effects related to mitochondrial toxicity. 
Host factors such as differences in the intracellular 
phosphorylation of NRTIs, drug-drug or drug-nutrient 
interactions, and nadir CD4+ counts have been sug- 
gested to influence susceptibility towards mitochondrial 
dysfunction [9-12]. 

Substantial evidence implicates inflammation and cy- 
tokines in the development of neuropathic pain. In ani- 
mal models, peripheral nerve injury leads to rapid and 
sustained changes in cytokine expression [13,14]. The 
intraneural application of pro-inflammatory cytokines 
induces pain-associated behavioural signs [15] which di- 
minish when treated with anti-inflammatory cytokines 
[16]. In HIV-1 -negative individuals with painful- com- 
pared to painless neuropathies, higher blood mRNA levels 
of tumour necrosis factor-alpha (TNFa) and interleukin 
(IL)-2 have been reported [17]. 

Few studies have assessed the role of cytokines in HIV- 
l-associated DSP. In a cross-sectional cohort, largely on 
cART, several markers of immune activation in the plasma 
and cerebrospinal fluid (CSF) were studied; only CSF 
macrophage colony-stimulating factor levels predicted 
time to developing symptomatic DSP [18]. A study of 
cytokine gene polymorphisms in individuals with DSP 
after cART initiation, with or without symptoms, showed 
an association with the TNFA-\oc\\s [19]. Increased TNFa 



and reduced IL-4 mRNA levels were also found in periph- 
eral nerve tissue from AIDS patients with DSP [20]. Indi- 
viduals with HIV-l-associated DSP compared to those 
without were found to have persistently higher levels of 
chemokine ligand 5 (CCL5) during the first 48 weeks after 
cART [21]. 

Upon starting cART, immune reconstitution is accom- 
panied by a rise in CD4+ count and partial restoration of 
pathogen-specific immunity [22]. However, 8-43% of pa- 
tients will experience pathological inflammatory responses 
that may cause clinical deterioration, termed immune 
reconstitution inflammatory syndrome (IRIS) [23,24]. 
Typically, IRIS occurs during the first 12 weeks of cART 
initiation [25], and in the setting of HIV-1 and tubercu- 
losis co-infection, has been shown to be associated with 
increased circulating pro-inflammatory cytokines TNFa, 
IL-6, and interferon-gamma (IFN-y) [26]. 

As IRIS manifests within a similar period to the devel- 
opment of incident neuropathic symptoms after cART 
initiation we hypothesized that an exaggerated cytokine 
response or immune reconstitution after cART initiation 
contributes to the immunopathogenesis of neuropathic 
symptoms [3]. We investigated the association between 
neuropathic symptoms and the concentrations of markers 
previously shown to be associated with painful neuropa- 
thies and/or immune reconstitution, within 12 weeks after 
cART initiation. These markers included high-sensitivity 
C-reactive protein (hs-CRP), CD4+ count as well as spe- 
cific cytokines TNFa, IL-2, IL-4, IL-6 and their soluble 
receptors. 

Methods 

The University of Cape Town Research Ethics Commit- 
tee approved the study (REC REF 221/2008). All subjects 
provided written informed consent. 

Study site, subjects and study design 

HIV-1 -infected individuals who were treatment naive, but 
scheduled to start cART within the next seven days were re- 
cruited from Crossroads Community Health Centre (Cape 
Town, South Africa) between May 2009 and December 
2010. Individuals were eligible if >18 years and met criteria 
for cART initiation in the government-sponsored HIV treat- 
ment programme, i.e. a CD4+ count <350 cells/mm 3 . 

Individuals with pre-existing symptoms at the baseline 
visit, were excluded from further analysis. In addition, 
those with previous exposure to cART, diabetes mellitus, 
active opportunistic infection, additional systemic illness 
or inflammatory conditions, current infection with tuber- 
culosis, severe diarrhoea, co-morbid neurological disease 
that may confound DSP, exposure to glucocorticoids within 
preceding six months, or pregnancy, were excluded. 

Clinical assessments were performed on all eligible 
participants at baseline (pre-cART) and 2-, 4-, 12-, and 
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24 weeks thereafter. Fasting plasma samples were ob- 
tained at each visit. Peripheral nervous system examin- 
ation was performed by one of two trained clinicians 
using the Brief Peripheral Neuropathy Screen and a 
modified version of Total Neuropathy Score (TNSr) as 
previously described [1]. These tools include assessments 
of neuropathic symptoms of pain, numbness, and par- 
aesthesiae on a visual analogue scale (VAS)(0-10) as well 
as neurological signs including pinprick and vibratory 
sensation, reflexes, and strength assessments. 

The symptomatic group comprised individuals develop- 
ing neuropathic symptoms within 12 weeks of starting 
cART. A nested case-control cohort was selected consisting 
of 30 individuals who did not develop symptoms for 24 
weeks after cART initiation (control group). The groups 
were paired using risk factors previously reported such as 
age (difference <3 years), gender, previous anti-tuberculous 
treatment, baseline CD4+ count (difference <25 cells/mm 3 ) 
and dNRTI containing regimens [1,27,28]. 

Sampling and cytokine assays 

Sampling was performed at baseline, 2-, 4- and 12 weeks 
thereafter. Fasting venous blood was collected between 
08h00-09h00 to reduce variability (diurnal variations or 
food ingestion). Samples were immediately placed on ice 
until centrifuged (<3 hours) and stored at -80°C. 

Plasma concentrations of granulocyte-macrophage 
colony-stimulating factor (GM-CSF), IFNy, IL-lp\ IL-2, 
IL-4, IL-5, IL-6, IL-7, IL-8, IL-10, IL-12(p70), IL-13, and 
TNFa were quantified using a multiplexed (Bio-Plex 
platform) immunometric assay (MILLIPLEX xMAP High 
Sensitivity Human Cytokine Panel, Millipore, Billerica, 
MA, USA). Plasma cytokine receptor concentrations of 
soluble IL (sIL)-l receptor I (sIL-lRI), sIL-1 receptor II 
(sIL-lRII), sIL-2 receptor-a (sIL-2Ra), sIL-4 receptor (sIL- 
4R), sIL-6 receptor (sIL-6R), sTNF receptor I (sTNFRI), 
and sTNF receptor II (sTNFRII) were quantified using 
MILLIPLEX xMAP Human Soluble Cytokine Receptor 
Panel. IL-1 receptor antagonist (IL-1RA) was quantified by 
using MILLIPLEX xMAP Human Cytokine/Chemokine 
Immunoassay. Assays were carried out in compliance with 
the kit manufacturer. Concentrations lower than the kit's 
limit of detection were extrapolated from a standard 
curve. Each subject's samples were prepared on the same 
plate to minimize inter-plate variability. 

High-sensitivity CRP was measured by a particle- 
enhanced immunoturbidimetric assay (Roche Diagnos- 
tics, Mannheim, Germany). CD4+ counts, week 24 viral 
load, and white cell counts were obtained from chart 
reviews. 

Statistical analysis 

Stata (version 12.0; Texas, USA) was used. Baseline charac- 
teristics, cytokine, and soluble receptor concentrations were 



summarized by proportions or median with interquartile 
range (IQR). Normality was assessed numerically and log- 
transformation was applied when necessary. Baseline differ- 
ences between groups were assessed by Chi-squaie or 
Fisher's exact test and Student-t or Mann- Whitney U test, 
as appropriate. Repeated measures analysis (random effects 
model with cross-sectional time series regression) assessed 
longitudinal patterns (over time and between groups). Time 
since cART was used as the within-individual factor and 
group (symptomatic vs symptom-free) as the between- 
individual factor. To exclude the effect of random variation 
and significant fluctuations within an individual's cytokine 
peak measurements over time, a Spearman rank correlation 
analysis was performed. All p-values were two-sided at 5% 
significance. P-values were not corrected for multiple com- 
parisons as specific candidate markers were selected in a 
pre-established hypothesis. 

Results 

Patient characteristics 

All baseline examinations were performed a median of 
one day prior to cART initiation (IQR 1-5 days). One- 
hundred and eighty-four eligible patients were screened 
at baseline and 24 with neuropathic symptoms were 
excluded. A further 40 subjects defaulted either due to 
pregnancy, migration, withdrawal of consent or devel- 
oped tuberculosis. For the nested sample, cases and con- 
trols were selected from the prevalent cohort (n = 120) 
without symptoms at the baseline visit and who were 
followed for 24 weeks. Within the first 12 weeks of start- 
ing cART, 32 (27%) of these individuals developed neuro- 
pathic symptoms; two were excluded from further analysis 
because of detectable viral loads at week 24 and the 
remaining 30 comprised the symptomatic group. 

Of the individuals who remained symptom-free for 24 
weeks, 30 were selected as controls after matching them 
with the symptomatic group for known risk factors such 
that no differences were observed in baseline characteris- 
tics (Table 1). The baseline characteristics of the matched 
controls did not differ from the overall cohort without 
neuropathic symptoms (n = 88; Table 1). Fasting glucose 
(median = 4.7; normal 4.1-5.6 mmol/L) and triglycerides 
levels (median = 0.8; normal 0.5-2.0 mmol/L) were normal 
and similar between the symptomatic- and control groups 
(p > 0.53, results not shown) as well as alcohol consump- 
tion (any alcohol in the preceding year, 31%; p = 0.83). 

The median age of the nested case-control group was 
33 years (range 20-47). More than half of the individuals 
had been diagnosed with HIV-1 infection within a year 
preceding the baseline visit; overall, there was no differ- 
ence between the case- and control groups (p = 0.22). 
The WHO HIV stage, baseline white cell count (median = 
5.7 x 10 9 /1), CD4+ count (median = 141/mm 3 ) and hs-CRP 
(median = 2.7 mg/L) were similar, as were weight and 
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Table 1 Baseline (pre-cART) clinical and laboratory characteristics by incident neuropathic symptom status 



Nested case (neuropathic symptoms) vs control (symptom-free) sample 



Variable 


Total cohort remaining 
symptom-free N = 88 


Neuropathic symptom 
group N = 30 


Control group N = 30 


i otai in — ou 


Female sex, N (%) 


62 (70) 


22 (73) 


22 (73) 


44 (73) 


Age , years 


31 (27 - 38) 


32 (26 - 35) 


34 (26 -41) 


33 (26 - 37) 


Weight* kg 


63 (56- 72) 


58.0 (52.5 - 68.5) 


59.5 (54.0 - 64.0) 


58.5 (53.0 - 68.0) 


Height* m 


1.61 (1.56 - 1.69) 


1.58 (1.55 - 1.64) 


1.62 (1.57 - 1.65) 


1.61 (1.55 - 1.64) 


Body Mass Index", kg/m 2 


23.3 (20.3 - 28.0) 


22.7 (20.1 - 28.0) 


22.6 (19.8 - 25.3) 


22.6 (19.8 - 28.0) 


dNRTI + , N (%) 


68 (77) 


24 (40) 


22 (37) 


46 (77) 


D4T/3TC/NNRTI 


68 (77) 


24 (40) 


22 (37) 


46 (77) 


AZT/3TC/NNRTI 


5 (6) 


2 (7) 


3 (10) 


5 (8) 


TDF/3TC/NNRTI 


15 (17) 


4(13) 


5 (17) 


9(15) 


Previous TB, N (%) 


25 (28) 


7 (23) 


7 (23) 


14 (23) 


< / year ago 


13 (15) 


3 (10) 


3 (10) 


6(10) 


1 year ago 


1 (D 


0(0) 


0(0) 


0(0) 


2 years ago 


2(2) 


0(0) 


1 (3) 


1 (2) 


> 2 years ago 


9 (10) 


4(13) 


3 (10) 


7 (12) 


Years since HIV diagnosis* 


1 (1-3.4) 


1 (1-3.5) 


2 (1-4) 


1 (1-3.8) 


WHO stage, N (%) 










Stage 1 


30 (34) 


6(20) 


1 2 (40) 


1 8 (30) 


Stage 2 


25 (28) 


1 8 (60) 


10 (33) 


28 (47) 


Stage 3 


30 (34) 


5 (17) 


7 (23) 


1 2 (20) 


Stage 4 


3 (3) 


1 (3) 


1 (3) 


2(3) 


White cell count* x10 9 /L 


5.1 (4.0 - 6.6) 


5.7 (3.9 - 6.4) 


5.7 (4.4 - 7.9) 


5.7 (4.3 - 7.1) 


CD4 T-cell count* cells/mm 3 


163 (125 - 193) 


145 (109 - 181) 


138 (110- 194) 


141 (110- 189) 


CD4 T-cell count, N (%) 










< 100 cells/mm 1 


15 (17) 


5 (17) 


6(20) 


11 (18) 


100 - 200 cells/mm 3 


56 (64) 


1 9 (63) 


20 (67) 


39 (65) 


> 200 cells/mm 3 


17 (19) 


6(20) 


4(13) 


10 (17) 


hs-CRP* mg/L 


2.6 (0.9 - 6.5) 


2.6 (0.9 - 5.4) 


2.9 (0.9 - 6.7) 


2.7 (0.9 - 6.7) 



The total cohort remaining symptom-free refers to individuals who were asymptomtic at baseline and remained free of neuropathic symptoms in the first 6 
months of starting cART; the nested control group were extracted from this total cohort and paired (with the neuropathic symptom group) for previously 
identified risk factors. The neuropathic symptom group refers to individuals developing symptoms within 12 weeks of starting cART. 

Abbreviations: dNRTI dideoxy-nucleoside reverse-transcriptase inhibitor (d-drug), D4T stavudine, 3TC lamivudine, AZT zidovudine, TDF tenofovir, TB tuberculosis, 
WHO World Health Organization, hs-CRP high-sensitivity C-reactive protein. 
"Median (Interquartile range). 

f dNRTI refers to d-drug containing combination antiretroviral therapy regimen commenced subsequent to baseline assessment. NNRTI refers to non-nucleoside 
reverse transcriptase inhibitor and were either efavirenz or nevirapine. 

height measurements. Baseline HIV-1 viral loads were 
unavailable. 

Characteristics of subjects developing neuropathic 
symptoms 

The peak incidence in symptoms was between weeks 4 
and 12 (14%) (Table 2). Overall, estimated crude inci- 
dence rate at 24 weeks was 30%. The most frequent 
symptom was paraesthesiae (25/30), followed by numb- 
ness (21/30) and pain (15/30). Numbness never oc- 
curred as an isolated neuropathic symptom. At initial 



presentation the median pain/paresthesiae severity by 
VAS was 4 (IQR 1-6). 

Eleven of 30 individuals developing incident symptoms 
had distal neuropathic signs at baseline; six had hypoactive 
ankle reflexes compared to the knees, four had reduced 
pin sensibility and one reduced vibration perception. Inci- 
dent symptoms were accompanied by new/worsening 
neuropathic sign(s) in 15 (50%). By week 24 after cART 
initiation, pain or paresthesiae had resolved in 17 (transi- 
ent symptoms), whereas the remainder had persistent or 
worsening symptoms. 
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Table 2 Incidence of neuropathic symptoms within 24 
weeks after cART initiation 



Interval (weeks) 


Incident SN 


H 


Ri 


0-2 


6 


0.06 


0.06 


2-4 


10 


0.10 


0.15 


4-12 


16 


0.14 


0.27 


12 - 24 


4 


0.04 


0.30 



is calculated as the ratio of the number of individuals who developed 
neuropathic symptoms to the number of patients at risk during the interval. 
Ri is the cumulative rate of development of neuropathic symptoms by end of 
the interval. 

For further analysis, 2 individuals with incident neuropathic symptoms were 
excluded due to detectable HIV-1 viral loads at week 24. 

Plasma cytokines in both groups 

Baseline pre-cART cytokine concentrations were similar 
between the symptomatic and control groups (Figure 1 
and Additional file 1: Table SI). Median concentrations 
of IL-4, IL-12(p70) and IL-13 were below the minimum 
detectable level at baseline (Additional file 1: Table S2). 

The initiation of cART significantly affected both pro- 
and anti-inflammatory cytokine concentrations, irrespect- 
ive of the development of neuropathic symptoms. Almost 
all the cytokines measured demonstrated significantly 
higher concentrations at week 2 and week 4 returning to 
baseline levels by week 12, and included IL-1(3, IL-2, IL-4, 
IL-5, IL-6, IL-7, IL-10, IL-12p(70), IL-13, IFNy, GM-CSF 
and TNFa (Figure 1 and Additional file 1: Table SI). The 
exception was IL-8 with lower levels at week 12 compared 
to baseline. Irrespective of symptom status, TNFa in- 
creased from pre-cART levels, peaked between weeks 2 
and 4, but then decreased at week 12 to a lower level than 
at baseline (p = 0.008). At week 12, IL-6 levels remained 
higher compared to that at baseline (p = 0.033). Cytokine 
levels showed within-individual stability and predictability 
by correlating significantly at two different time points for 
11 cytokines, and at three time points for four of the 11 
(Additional file 1: Table S3). 

The pro-inflammatory T-helper (Th)-l cytokines showed 
the greatest increases from baseline concentrations; IL-12p 
(70) («700-fold), IL-2 (=300-fold) and IFNy («200-fold). 
TNFa concentrations increased 3-fold. Compared with 
baseline, Th2 cytokine levels also responded to cART 
initiation; at week 2, IL-13 increased 59-fold and IL-4 36- 
fold. IL-5 and IL-10 increased by comparatively modest 
amounts (4- to 5-fold). The hs-CRP levels increased in 
both groups compared to pre-cART levels, and peaked at 
week 2 (p = 0.001) without significant differences by symp- 
tom status (Table 3). 

Plasma cytokines in the symptomatic group compared to 
the control group 

Despite the general increase in cytokine concentrations, 
there was a tendency for lower peak concentrations in 
the symptomatic group compared to the control group. 



However, individuals in the symptomatic group with per- 
sistent symptoms throughout the 24-week period com- 
pared to those developing transient symptoms, showed a 
significantly greater IL-6 peak at week 2 (p = 0.023) 
(Additional file 1: Table S4). Symptom severity, catego- 
rized by a VAS cut-off of 4/10, did not associate with 
cytokine concentrations at any sampling point (Additional 
file 1: Table S4). After 24 weeks of cART, the symptomatic 
group showed greater CD4+ count reconstitution com- 
pared with those remaining symptom-free (298 cells/mm ; 
IQR 210-457 vs 260 cells/mm 3 ; IQR 179-351, p = 0.002) 
(Table 3). 

Stratifying the overall cohort by dNRTI exposure or 
CD4+ counts >100 cells/mm 3 did not show an associ- 
ation with cytokine concentrations at any sampling point 
(Results not shown). 

Soluble cytokine receptors 

The half-life of soluble cytokine receptors is longer than 
that of cytokines. Therefore, soluble cytokine receptors 
may be more informative of chronic inflammation [29]. 
In the symptomatic group compared to the control group, 
the baseline median IL-1RA concentrations were signifi- 
cantly higher (10.2 vs 1.9 pg/mL, p = 0.03), and remained 
higher throughout the study period (Table 4). However, 26 
of 60 individuals (6 symptomatic and 20 symptom-free) 
had baseline IL-1RA concentrations lower than the de- 
tectable level. 

After starting cART, concentrations of sTNFRII, sIL- 
2Ra and sIL-6R all declined significantly in both groups 
from baseline levels over the 12-week study period, al- 
beit at different sampling points (Table 4); sTNFRII was 
significantly lower at 2 weeks, sIL-2Ra at 4 weeks, and 
sIL-6R at 12 weeks. However, a repeated measures analysis 
showed that concentrations of sIL-2Ra and sTNFRII two 
weeks after cART initiation, were significantly higher in 
the group developing neuropathic symptoms compared to 
the control group (sTNFRII, p = 0.031; sIL-2Ra, p = 0.034) 
(Table 4). Soluble receptors sIL-lRI, sIL-lRII and sTNFRI 
remained relatively stable throughout. 

Pro-inflammatory/anti-inflammatory cytokine ratios and 
cytokine/soluble receptor ratios 

The balance of pro- and anti-inflammatory cytokines may 
be as important as individual cytokine concentrations. 
Therefore, we assessed ratios of pro- and anti-inflammatory 
cytokines and their soluble receptors as markers of a dys- 
regulated immune response [29-32]. At week 2, the symp- 
tomatic group compared with the control group showed 
lower ratios of cytokines to soluble cytokine receptors: IL- 
lpVsIL-lRI (p = 0.004), IL-1[3/IL-1RA (p = 0.006) and IL-2/ 
sIL-2Ra (p = 0.014) (Figure 2). At the same time point, the 
"pain-associated" cytokines of a priori interest showed 
higher ratios in the symptomatic group for TNFa/IL-4 (p = 
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Figure 1 Longitudinal evaluation of candidate cytokine concentrations categorized by incident neuropathic symptom status. Incident 
neuropathic symptoms developed within 12 weeks of starting cART. The control group refers to the symptom-free nested control group paired 
for previously identified risk factors. *refers to within-group differences from baseline, p < 0.05. # refers to between-group differences from 
baseline levels, p < 0.05. Horizontal bars indicate median values with interquartile ranges. Baseline refers to pre-cART levels. Abbreviations: IL, 
interleukin; TNFa, tumour necrosis factor-a. 
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Table 3 CD4+ count and high-sensitivity CRP pre-cART and longitudinally over 12 weeks, categorized by neuropathic 
symptom status 



Variable 


Time point 


Time effect 




Group effect 






Median (IQR), pg/ml 


Neuropathic symptom 
group Median (IQR) 


Control group Median (IQR) 


CD4+ count, cells/mm 3 


Baseline 


141 (110; 189) 


145 (109; 181) 


138 (110; 194) 




Week 24 


272 (204; 368) 


298 (210; 457) 


260 (179; 351) 


hs-CRP, mg/L 


Baseline 


2.70 (0.90; 6.70) 


2.90 (0.90; 6.70) 


2.60 (0.90; 5.40) 




Week 2 


6.70 (2.10; 18.50) 


8.40 (3.40; 1 7.00) 


5.30 (1.80; 19.30) 




Week 4 


6.50 (3.30; 26.50) 


8.40 (3.50; 30.60) 


4.20 (3.30; 15.00) 




Week 12 


3.95 (1.50; 7.20) 


3.80 (1.50; 8.30) 


4.20 (1.00; 6.70) 



Incident neuropathic symptoms developed within 12 weeks of starting cART. 

The control group refers to the symptom-free nested control group paired for previously identified risk factors. 
Time effect: Bold numbers denote values different from baseline, p < 0.05. 

Group effect: Bold numbers denote values different between groups compared to baseline, p < 0.05. 
Abbreviations: IQR interquartile range, hs-CRP high-sensitivity C-reactive protein. 



0.022) and a trend for IL-6/IL-4 (p = 0.054) and IFNy/IL-4 
(p = 0.061). At week 12 the symptomatic group still had a 
higher IFNy/IL-10 ratio (p = 0.044) (Figure 2). 

Discussion 

The development of incident neuropathic symptoms 
within 12 weeks of starting cART developed in 27% of 
our community-based cohort. The peak period of devel- 
oping neuropathic symptoms was between 2 and 12 
weeks, with 10% occurring in 2-4 weeks and 14% between 
4-12 weeks. Few prior studies have evaluated neuropathy 
status at 12 weeks, all with incomplete data [3,33]; at 24 
weeks, our crude incidence rate of 30% is similar to that 
of a Ugandan cohort reporting 38% with incident neuro- 
pathic symptoms [33]. 

Comparison of plasma cytokines in the symptomatic and 
control groups showed significant differences in only two 
cytokines at 2 weeks (IL-1|3 and IL-13, Additional file 1: 
Table SI). However, baseline IL-1RA were 5-times higher 
in the symptomatic group preceding the clinical onset of 
symptoms and the initiation of cART. IL-1RA has features 
of an acute phase protein [29] suggesting that in individ- 
uals susceptible to developing neuropathic symptoms, 
there may be a higher set-point of sub-clinical inflamma- 
tion pre-cART. Two weeks after starting cART, the sIL- 
2Ra and sTNFRII also showed higher peak concentrations 
in the symptomatic group compared with the controls 
remaining symptom-free. Furthermore, at 24 weeks the 
symptomatic group showed greater reconstitution of the 
CD4+ cell count. 

Not all subjects developing symptoms remained symp- 
tomatic by 24 weeks. Those with persistent symptoms at 
24 weeks showed higher circulating IL-6 levels when com- 
pared to those with transient neuropathic symptoms. Im- 
portantly, two individuals with detectable viral loads at 24 
weeks were excluded to minimize the confounding effect 
of uncontrolled HIV-1 infection. Taken together these 



results suggest that patients developing symptoms within 
the first 12 weeks after starting cART experience en- 
hanced sub-clinical inflammation and immune reconstitu- 
tion in the systemic compartment compared to those 
remaining symptom-free. 

Previously, higher levels of systemic TNFoc- and IL-2- 
mRNA were reported in HIV-1 -negative painful neurop- 
athies when compared with painless neuropathies [17]. 
Although in our study plasma IL-2 and TNFa concen- 
trations did not mirror the soluble receptor levels or 
segregate by symptom status, the systemic cytokine con- 
centrations of both were substantially lower than the 
concentrations of their respective soluble receptors (sIL- 
2Roc, sTNFRI and sTNFRII). A possible explanation is 
that IL-2 and TNFa, secreted by Thl cells, act locally in 
an autocrine or a paracrine manner and are neutralized 
systemically by their soluble receptors as an immune regu- 
latory mechanism [34]. Furthermore, the longer plasma 
half-life of these soluble receptors and their rapid bio- 
logical inactivation of systemic cytokines suggest that the 
elevated levels detected in some soluble receptors in the 
symptomatic group may indicate a relatively higher level 
of inflammation [35,36]. 

In order to further explore markers of immune dysreg- 
ulation we assessed ratios of key cytokines previously 
implicated in neuropathic pain [17,20]. The ratios of 
TNFoc/IL-4 and IL-6/IL-4 were significantly higher at 2 
weeks and IFNy/IL-10 at 12 weeks in the symptomatic 
group compared to the control group. These findings 
suggest that in those developing symptoms, there is an 
imbalance between pro- and anti-inflammatory cytokines 
in which Thl subsets and their cytokine products (IL-6, 
IFNy and TNFa), dominate over immunoregulatory Th2 
subsets and their cytokines ( IL-4 and IL-10). 

A novel observation was the transient but significant 
burst in both pro- and anti-inflammatory plasma cyto- 
kine concentrations, as well as hs-CRP levels, within 2-4 
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Table 4 Soluble receptor and IL-1RA concentrations pre-cART and longitudinally over 12 weeks, categorized by neuro- 
pathic symptom status 

Cytokine Time point Time effect Group effect 



Median (IQR) (pg/mL) Neuropathic symptom-group Median Control group Median (IQR) (pg/mL) 
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Week 2 


560.9 (347.2; 799.5) 


647.5 (41 7.4; 803.7) 


516.4 (302.3; 782.2) 




Week 4 


606.9 (379.0; 872.3) 


646.0 (424.7; 742.0) 


571.0 (379.0; 913.7) 




Week 12 


455.1 (347.2; 750.5) 


532.9 (416.5; 753.8) 


415.2 (319.4; 612.3) 


sTNFRII 


Baseline 


5441.7 (4425.5; 7722.1) 


5441.7 (4285.5; 8470.5) 


5582.4 (4539.0; 7230.2) 




Week 2 


5104.3 (3728.7; 6909.2) 


5680.6 (4255.6; 7181.9) 


4236.9 (3629.6; 6032.3) 




Week 4 


4757.1 (371 8.4; 6621 .7) 


4307.4 (3531.6; 6486.4) 


5766.0 (4121.2; 69224) 




Week 12 


4564.9 (3532.0; 6127.8) 


4485.4 (3113.5; 6384.8) 


4579.4 (3924.5; 5791.2) 


IL-1 RA 


Baseline 


4.4 (0.0; 16.7) 


10.2 (2.1; 18.8) 


1.9 (0.0; 8.0) 




Week 2 


3.4 (0.0; 16.7) 


11.3 (0.8; 25.8) 


0.4 (0.0; 14.0) 




Week 4 


5.4 (0.0; 13.1) 


5.7 (0.0; 11.5) 


2.1 (0.0; 14.0) 




Week 12 


3.4 (0.0; 14.0) 


5.1 (0.8; 15.1) 


0.0 (0.0; 10.2) 



Incident neuropathic symptoms developed within 12 weeks of starting cART. 

The control group refers to the symptom-free nested control group paired for previously identified risk factors. 
Time effect: Bold numbers denote values different from baseline, p < 0.05. 

Group effect: Bold numbers denote values different between groups compared to baseline, p < 0.05. 

Abbreviations: IQR interquartile range, sIL-lRI soluble IL-1 receptor I, sIL-lRII soluble IL-1 receptor II, slL-2Ra soluble IL-2 receptor-a, slL-4R soluble IL-4 receptor, 
slL-6R soluble IL-6 receptor, sTNFRI soluble TNF receptor I, sTNFRII soluble TNF receptor II, IL-1RA IL-1 receptor antagonist. 



weeks after starting cART in both groups irrespective of 
symptom status. Twelve of the 13 cytokines analysed in- 
creased significantly within 4 weeks of cART initiation. 
Cytokines such as IL-2, IL-12(p70) and IFNy increased 
by more than 200-times relative to pre-cART/baseline 
concentrations before returning to baseline levels at 12 
weeks. Although Padilla et al. also found increased levels 
of IL-6 and hs-CRP at four weeks compared to baseline, 
their cohort comprised a mixture of subjects either initi- 
ating cART or re-starting [37]. 



Although peak cytokine concentrations in this cohort 
overall were lower than those reported in hospitalized 
tuberculosis-associated IRIS patients [26,38], this study 
population comprised ambulatory individuals attending 
a community-based clinic. Parasitic- and non-parasitic in- 
fections, as well as nutritional deficiencies could contrib- 
ute to the degree of observed immune activation once the 
HIV-induced functional inhibition is reversed by cART. 

We speculate that the trend for lower cytokine peaks 
in the symptomatic group may be the consequence of 
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Figure 2 Longitudinal evaluation of candidate pro-inflammatory/anti-inflammatory cytokine and cytokine/receptor ratios categorized 
by incident neuropathic symptom status. Incident neuropathic symptoms developed within 12 weeks of starting cART. The control group 
refers to the symptom-free nested control group paired for previously identified risk factors. *refers to within-group differences from baseline, 
p < 0.05. # refers to between-group differences from baseline levels, p < 0.05. Horizontal bars indicate median values with interquartile ranges. 
Baseline refers to pre-cART levels. Abbreviations: IL, interleukin; sIL, soluble interleukin; TNFa, tumour necrosis factor-a. 
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systemic neutralization by the concomitant and signifi- 
cantly higher concentration of IL-1RA and soluble recep- 
tors. For example, IL-1RA is released from hepatocytes 
stimulated by circulating inflammatory mediators, and 
also synthesized by locally activated monocytes [39,40]. 
Circulating IL-1RA during inflammatory stress may serve 
to reduce the systemic responses to localized IL-1|3 
production. High levels of circulating IL-1RA have been 
reported in many inflammatory settings including target- 
organ autoimmune diseases such as rheumatoid arthritis 
[29]. The pre-cART IL-lp7IL-lRA ratio in our control 
group was similar to a previous and comparable cohort of 
asymptomatic African women with reasonably preserved 
CD4+ counts who were also cART-naive [41]. By com- 
parison, the group developing neuropathic symptoms 
showed a markedly altered IL-lp7IL-lRA ratio pre- 
cART as a result of significantly higher IL-1RA levels. 
We propose that higher plasma IL-1RA levels in those 
who subsequently develop symptoms reflect the host's 
homeostatic mechanism aimed at downregulating pre- 
existing inflammation. This may result in nerve dys- 
function, possibly at the dorsal root ganglion (DRG) 
when the blood-nerve barrier is impaired [41], causing 
neuropathic symptoms after an additional insult such as 
dNRTIs or the observed 'cytokine burst' after cART ini- 
tiation. Although the factors driving the higher inflamma- 
tory set-point in individuals predicted to develop early 
incident neuropathic symptoms is unknown, careful atten- 
tion to micro-nutritional status and concomitant drug 
usage prior to starting cART may provide simple mea- 
sures to reduce cellular oxidative stress known to augment 
inflammation. 

The DRG plays a pivotal role in the pathogenesis of 
HIV-associated neuropathy which likely involves both in- 
direct cytokine- and direct viral protein-mediated neuro- 
toxicity [42]. Neuronal toxicity in the DRG is associated 
with upregulated IL-1[3 and TNFa expression [42,43]. Sub- 
clinical levels of inflammation such as local IL-1[3 produc- 
tion, may prime proteinase-activated receptors (PAR) 2 on 
small DRG neurons and their afferent axons [44]. A "sec- 
ond hit" such as the cART-associated subclinical "cytokine 
burst" herein described, may facilitate further PAR 2 activa- 
tion with augmentation of nociceptive signaling via central 
pathways [44,45]. 

Our study has several limitations. Plasma levels may 
not reliably reflect perineural activation due to the local 
action of cytokines at low concentrations. Therefore, sys- 
temic cytokine levels might not accurately demonstrate 
the extent of neural inflammation in individuals develop- 
ing neuropathic symptoms. In addition, cytokines and 
soluble receptor levels showed significant skewing and 
variability. Fluctuation in cytokine levels may have af- 
fected results although rank correlation analyses demon- 
strated good within-individual stability and predictability 



for the majority of cytokines. A random effects model 
was used to limit the effect of variability and fluctuations 
on the longitudinal analysis of cytokine levels. Although 
the two individuals with detectable viral loads at 24 weeks 
were excluded from the analysis, a degree of undetectable 
viral replication may have confounded the interpretation 
of the cytokine results. A further limitation is that CD4 
counts were not available at the 12 week analysis point to 
correlate with systemic cytokine levels. Also, our conclu- 
sions are based on a small, matched sample, reducing our 
statistical power to detect weaker associations. This preva- 
lent cohort of HIV-infected individuals were "selected" at 
the baseline visit for being free of neuropathic symp- 
toms prior to cART exposure, which in itself may have 
introduced selection bias. The symptomatic cases and 
symptom-free controls were matched for factors known 
to increase the risk for DSP, but there may be other fac- 
tors, as yet unknown, that may also influence risk. Finally, 
individuals with diabetes mellitus and current opportunis- 
tic infections including tuberculosis (and anti-tuberculous 
therapy) were excluded from our study and we therefore 
do not know how these factors might have influenced our 
results. 

Conclusion 

In this case-control study of asymptomatic subjects starting 
cART we show significant increases in cytokine levels 
within the first 2-4 weeks after initiating therapy, a time 
when susceptible individuals typically manifest pathological 
IRIS. We found that individuals developing neuropathic 
symptoms within 12 weeks of cART initiation have higher 
baseline levels of IL-1RA even prior to starting cART. Our 
conjecture is that this is evidence of a chronic host response 
to inflammatory stimuli prior to cART in those individuals 
who develop neuropathic symptoms. An additional "insult" 
such as initiating cART with the observed cytokine burst 
and higher ratios of pain-associated cytokines (TNFa/IL-4, 
IL-6/IL-4 and IFNy/IL-10), and concomitant increase in 
soluble cytokine receptors (sIL-2Roc and sTNFRII), might 
give rise to neuropathic symptoms via complex direct and 
indirect signalling mechanisms. 

Additional file 



Additional file 1: Supplementary Tables. Table SI - Cytokine 
concentrations before cART initiation and longitudinally over the first 12 
weeks categorized by incident neuropathic symptom status. Table S2 - 
The baseline cytokine concentrations, minimum detectable 
concentrations, as well as the percentage of undetectable levels for each 
cytokine. Table S3 - Spearman rank correlation coefficients between 
baseline and all follow-up visits. Table S4 - Longitudinal effect of symptom 
duration and severity of symptoms on candidate cytokine levels. 



Competing interests 

The authors declare that they have no competing interests. 



Van der Watt et al. BMC Infectious Diseases 2014, 14:71 
http://www.biomedcentral.com/1471-2334/14/71 



Page 11 of 12 



Authors' contributions 

JJvdW collected, assembled and analyzed the data. JJvdW, KAW, RJW, and 
JMH contributed to the study design, interpretation of data, writing and 
revision of the article. All authors read and approved the final manuscript. 

Acknowledgements 

The authors thank Henri Carrara, Chad Centner, and the McHAART study 
team for their assistance, as well as the staff and patients at Crossroads CHC, 
Cape Town. The authors wish to acknowledge Taylor Harrison for early 
discussion in developing the study concept. 

Source of funding 

This work was supported by CIDR1 (Wellcome Trust; JJvdW 084323), Carnegie 
Corporation (JJvdW), University of Cape Town Neurology Fund (JJvdW, 
Wellcome Trust (RJW 088316); EDCTP (RJW IP.07.32080.002); Medical Research 
Council Grant (RJW U.l 175.02.002.00014.01). JMH was a previous site 
investigator in a Pfizer-sponsored HIV neuropathy trial. 

Author details 

'Division of Neurology, Department of Medicine, University of Cape Town, 
Observatory, Cape Town 7925, South Africa, department of Medicine, 
University of Cape Town, Observatory, Cape Town 7925, South Africa. 
3 Clinical Infectious Diseases Research Initiative, Institute of Infectious Diseases 
and Molecular Medicine, University of Cape Town, Observatory, Cape Town 
7925, South Africa. 4 Division of Mycobacterial Research, MRC Nationa 
Institute for Medical Research, London NW7 1 AA, UK. 5 Division of Medicine, 
Imperial College London, London W2 1PG, UK. 

Received: 22 May 2013 Accepted: 30 January 2014 
Published: 10 February 2014 

References 

1 . Maritz J, Benatar M, Dave JA, Harrison TB, Badri M, Levitt NS, Heckmann JM: 
HIV neuropathy in South Africans: frequency, characteristics, and risk 
factors. Muscle Nerve 2010, 41:599-606. 

2. Ellis RJ, Rosario D, Clifford DB, McArthur JC, Simpson D, Alexander T, Gelman 
BB, Vaida F, Collier A, Marra CM, et al: Continued high prevalence and 
adverse clinical impact of human immunodeficiency virus-associated 
sensory neuropathy in the era of combination antiretroviral therapy: the 
CHARTER Study. Arch Neurol 2010, 67:552-558. 

3. Arenas-Pinto A, Bhaskaran K, Dunn D, Weller IV: The risk of developing 
peripheral neuropathy induced by nucleoside reverse transcriptase 
inhibitors decreases over time: evidence from the Delta trial. Antivir Ther 
2008, 13:289-295. 

4. (vloyle GJ, Sadler M: Peripheral neuropathy with nucleoside antiretrovirals: 
risk factors, incidence and management. Drug Safety 1998, 19:481-494. 

5. Centner CM, Bateman KJ, Heckmann JM: Manifestations of HIV infection in 
the peripheral nervous system. Lancet Neurol 2013, 12:295-309. 

6. Lewis W, Day BJ, Copeland WC: Mitochondrial toxicity of NRTI antiviral 
drugs: an integrated cellular perspective. Nat Rev Drug Discov 2003, 
2:812-822. 

7. Dalakas MC, Semino-Mora C, Leon-Monzon M: Mitochondrial alterations 
with mitochondrial DNA depletion in the nerves of AIDS patients with 
peripheral neuropathy induced by 2'3'-dideoxycytidine (ddC). Lab Invest 
2001,81:1537-1544. 

8. Cote HC: Possible ways nucleoside analogues can affect mitochondrial 
DNA content and gene expression during HIV therapy. Antivir Ther 2005, 
10(Suppl 2):M3-M11. 

9. Lichtenstein KA, Delaney KM, Armon C, Ward DJ, Moorman AC, Wood KC, 
Holmberg SD: Incidence of and risk factors for lipoatrophy (abnormal fat 
loss) in ambulatory HIV-1 -infected patients. J Acguir Immune Defic Syndr 
2003, 32:48-56. 

10. Fleischer R, Boxwell D, Sherman KE: Nucleoside analogues and 
mitochondrial toxicity. Clin Infect Dis 2004, 38:e79-e80. 

1 1. Currier JS: Sex differences in antiretroviral therapy toxicity: lactic acidosis, 
stavudine, and women. Clin Infect Dis 2007, 45:261-262. 

12. Bonnet F, Bonarek M, Morlat P, Mercie P, Dupon M, Gemain MC, Malvy D, 
Bernard N, Pellegrin JL, Beylot J: Risk factors for lactic acidosis in HIV- 
infected patients treated with nucleoside reverse-transcriptase inhibitors: 
a case-control study. Clin Infect Dis 2003, 36:1324-1328. 



13. Kleinschnitz C, Brinkhoff J, Zeienka M, Sommer C, Stoll G: The extent of 
cytokine induction in peripheral nerve lesions depends on the mode of 
injury and NMDA receptor signaling. J Neuroimmunol 2004, 149:77-83. 

14. Taskinen HS, Olsson T, Bucht A, Khademi M, Svelander L, Roytta M: 
Peripheral nerve injury induces endoneural expression of IFN-gamma, 
IL-1 0 and TNF-alpha mRNA. J Neuroimmunol 2000, 1 02:1 7-25. 

15. Zeienka M, Schafers M, Sommer C: Intraneural injection of interleukin- 
Ibeta and tumor necrosis factor-alpha into rat sciatic nerve at physio- 
logical doses induces signs of neuropathic pain. Pain 2005, 116:257-263. 

16. Wagner R, Janjigian M, Myers RR: Anti-inflammatory interleukin-10 therapy 
in CCI neuropathy decreases thermal hyperalgesia, macrophage recruit- 
ment, and endoneurial TNF-alpha expression. Pain 1998, 74:35-42. 

1 7. Uceyler N, Rogausch JP, Toyka KV, Sommer C: Differential expression of 
cytokines in painful and painless neuropathies. Neurology 2007 , 
69:42-49. 

18. Schifitto G, McDermott MP, McArthur JC, Marder K, Sacktor N, McClernon 
DR, Conant K, Cohen B, Epstein LG, Kieburtz K: Markers of immune 
activation and viral load in HIV-associated sensory neuropathy. 
Neurology 2005, 64:842-848. 

19. Cherry CL, Rosenow A, Affandi JS, McArthur JC, Wesselingh SL, Price P: 
Cytokine genotype suggests a role for inflammation in nucleoside 
analog-associated sensory neuropathy (NRTI-SN) and predicts an individ- 
ual's NRTI-SN risk. AIDS Res Hum Retroviruses 2008, 24:1 17-123. 

20. Tyor WR, Wesselingh SL, Griffin JW, McArthur JC, Griffin DE: Unifying 
hypothesis for the pathogenesis of HIV-associated dementia complex, 
vacuolar myelopathy, and sensory neuropathy. J Acguir Immune Defic 
Syndr Hum Retrovirol 1995, 9:379-388. 

21 . Chew CS, Cherry CL, Kamarulzaman A, Yien TH, Aghafar Z, Price P: A 
longitudinal study of the effects of ART on plasma chemokine levels in 
Malaysian HIV patients. Dis Markers 201 1, 31:303-309. 

22. Wilkinson KA, Seldon R, Meintjes G, Rangaka MX, Hanekom WA, Maartens G, 
Wilkinson RJ: Dissection of regenerating T-Cell responses against tubercu- 
losis in HIV-infected adults sensitized by Mycobacterium tuberculosis. 

Am J Respir Crit Care Med 2009, 1 80:674-683. 

23. Muller M, Wandel S, Colebunders R, Attia S, Furrer H, Egger M, le DEAS, 
Central A: Immune reconstitution inflammatory syndrome in patients 
starting antiretroviral therapy for HIV infection: a systematic review and 
meta-analysis. Lancet Infect Dis 201 0, 1 0:251-261 . 

24. Meintjes G, Lawn SD, Scano F, Maartens G, French MA, Worodria W, Elliott 
JH, Murdoch D, Wilkinson RJ, Seyler C, et al: Tuberculosis-associated 
immune reconstitution inflammatory syndrome: case definitions for use 
in resource-limited settings. Lancet Infect Dis 2008, 8:516-523. 

25. Meintjes G, Rabie H, Wilkinson RJ, Cotton MF: Tuberculosis-associated 
immune reconstitution inflammatory syndrome and unmasking of 
tuberculosis by antiretroviral therapy. Clin Chest Med 2009, 30:797-810. 

26. Tadokera R, Meintjes G, Skolimowska KH, Wilkinson KA, Matthews K, Seldon 
R, Chegou NN, Maartens G, Rangaka MX, Rebe K, et al: Hypercytokinaemia 
accompanies HIV-tuberculosis immune reconstitution inflammatory syn- 
drome. Eur Resp J 201 1, 37:1 248-1 259. 

27. Morgello S, Estanislao L, Simpson D, Geraci A, DiRocco A, Gerits P, Ryan E, 
Yakoushina T, Khan S, Mahboob R, et al: HIV-associated distal sensory 
polyneuropathy in the era of highly active antiretroviral therapy: the 
Manhattan HIV Brain Bank. Arch Neurol 2004, 61:546-551. 

28. Lichtenstein KA, Armon C, Baron A, Moorman AC, Wood KC, Holmberg SD, 
Investigators HIVOS: Modification of the incidence of drug-associated 
symmetrical peripheral neuropathy by host and disease factors in the 
HIV outpatient study cohort. Clin Infect Dis 2005, 40:148-157. 

29. Arend WP, Malyak M, Guthridge CJ, Gabay C: lnterleukin-1 receptor 
antagonist: role in biology. Ann Rev Immunol 1998, 16:27-55. 

30. Dodoo D, Omer FM, Todd J, Akanmori BD, Koram KA, Riley EM: Absolute 
levels and ratios of proinflammatory and anti-inflammatory cytokine pro- 
duction in vitro predict clinical immunity to Plasmodium falciparum 
malaria. J Infect Dis 2002, 185:971-979. 

31 . Cox SE, Arthur P, Kirkwood BR, Yeboah-Antwi K, Riley EM: Vitamin A supple- 
mentation increases ratios of proinflammatory to anti-inflammatory 
cytokine responses in pregnancy and lactation. Clin Exp Immunol 2006, 
144:392-400. 

32. Hagiwara E, Gourley MF, Lee S, Klinman DK: Disease severity in patients 
with systemic lupus erythematosus correlates with an increased ratio of 
interleukin-10: interferon-gamma-secreting cells in the peripheral blood. 

Arthritis Rheum 1996, 39:379-385. 



Van der Watt et al. BMC Infectious Diseases 2014, 14:71 
http://www.biomedcentral.com/1471-2334/14/71 



Page 12 of 12 



33. Sacktor N, Nakasujja N, Skolasky RL, Robertson K, Musisi S, Ronald A, Katabira 
E, Clifford DB: Benefits and risks of stavudine therapy for HIV-associated 
neurologic complications in Uganda. Neurology 2009, 72:165-170. 

34. Mosmann TR, Coffman RL: TH1 and TH2 cells: different patterns of 
lymphokine secretion lead to different functional properties. Ann Rev 
Immunol 1989, 7:145-173. 

35. Chikanza IC, Roux-Lombard P, Dayer JM, Panayi GS: Tumour necrosis factor 
soluble receptors behave as acute phase reactants following surgery in 
patients with rheumatoid arthritis, chronic osteomyelitis and osteoarth- 
ritis. Clin Exp Immunol 1993, 92:19-22. 

36. Barnes A: Measurement of serum cytokines. Lancet 1998, 352:324-325. 

37. Padilla S, Masia M, Garcia N, Jarrin I, Torino C, Gutierrez F: Early changes in 
inflammatory and pro-thrombotic biomarkers in patients initiating anti- 
retroviral therapy with abacavir or tenofovir. BMC Infect Dis 201 1 , 11 :40. 

38. Conesa-Botella A, Meintjes G, Coussens AK, van der Plas H, Goliath R, Schutz 
C, Moreno-Reyes R, Mehta M, Martineau AR, Wilkinson RJ, et al: 
Corticosteroid therapy, vitamin D status, and inflammatory cytokine 
profile in the HIV-tuberculosis immune reconstitution inflammatory 
syndrome. Clin Infect Dis 2012, 55:1004-101 1. 

39. Nicklin MJ, Hughes DE, Barton JL, Ure JM, Duff GW: Arterial inflammation 
in mice lacking the interleukin 1 receptor antagonist gene. J Exp Med 
2000, 191:303-312. 

40. Dinarello CA: Biologic basis for interleukin-1 in disease. Blood 1996, 
87:2095-2147. 

41. Thea DM, Porat R, Nagimbi K, Baangi (VI, St Louis ME, Kaplan G, Dinarello CA, 
Keusch GT: Plasma cytokines, cytokine antagonists, and disease 
progression in African women infected with HIV-1. Ann Intern Med 1996, 
124:757-762. 

42. Jones G, Zhu Y, Silva C, Tsutsui S, Pardo CA, Keppler OT, McArthur JC, Power 
C: Peripheral nerve-derived HIV-1 is predominantly CCR5-dependent and 
causes neuronal degeneration and neuroinflammation. Virology 2005, 
334:178-193. 

43. Acharjee S, Zhu Y, Maingat F, Pardo C, Ballanyi K, Hollenberg MD, Power C: 
Proteinase-activated receptor-1 mediates dorsal root ganglion neuronal 
degeneration in HIV/AIDS. Brain 2011, 134:3209-3221. 

44. Vergnolle N, Bunnett NW, Sharkey KA, Brussee V, Compton SJ, Grady EF, Cirino 
G, Gerard N, Basbaum Al, Andrade-Gordon P, et al: Proteinase-activated 
receptor-2 and hyperalgesia: a novel pain pathway. Nature medicine 2001, 
7:821-826. 

45. Alier KA, Endicott JA, Stemkowski PL, Cenac N, Cellars L, Chapman K, 
Andrade-Gordon P, Vergnolle N, Smith PA: Intrathecal administration of 
proteinase-activated receptor-2 agonists produces hyperalgesia by 
exciting the cell bodies of primary sensory neurons. J Pharmacol Exp Ther 
2008, 324:224-233. 



doi:10.l 186/1471-2334-14-71 

Cite this article as: Van der Watt et al.: Plasma cytokine profiles in HIV-1 
infected patients developing neuropathic symptoms shortly after com- 
mencing antiretroviral therapy: a case-control study. BMC Infectious Dis- 
eases 2014 14:71. 



Submit your next manuscript to BioMed Central 
and take full advantage of: 

• Convenient online submission 

• Thorough peer review 

• No space constraints or color figure charges 

• Immediate publication on acceptance 

• Inclusion in PubMed, CAS, Scopus and Google Scholar 

• Research which is freely available for redistribution 



Submit your manuscript at /^'\ n! _, ul _-| r Q r,tr=l 

www.biomedcentral.com/submit ammBa central 



V 



